Objective. Tumour necrosis factor (TNF) antagonists have been shown to improve the outcomes in patients with rheumatoid arthritis (RA) and psoriatic arthritis (PsA). We assess the cost-effectiveness of two TNF antagonists and so-called 'palliative care' for the treatment of active PsA from the perspective of the UK National Health Service (NHS). Methods. Bayesian statistical methods were used to synthesize evidence from three Phase III trials, identified through a systematic review, and estimate the relative efficacy of etanercept, infliximab and palliative care. A probabilistic decision analytic model was then used to compare these treatments after the failure of at least two conventional disease-modifying anti-rheumatic drugs (DMARDs), following the British Society for Rheumatology (BSR) guidelines for use. The primary outcome measure, quality-adjusted life years (QALYs), was derived from utility values estimated as a function of disability measured by the Health Assessment Questionnaire (HAQ). The deterioration experienced in HAQ at treatment withdrawal (rebound) was incorporated using alternative scenarios to represent best-and worst-case assumptions. The model was extended beyond the trial duration to a 10-yr and lifetime horizon, using available evidence and expert opinionbased assumptions on disease progression. Resource utilization was based on literature, national databases and expert opinion. Prices were obtained from routine NHS sources and published literature. Results. At a 10-yr time horizon, the incremental cost-effectiveness ratio (ICER) for etanercept compared with palliative care was £26 361 per QALY gained for the best-case rebound scenario, which increased to £30 628 for the worst-case. The ICERs for infliximab compared with etanercept were £165 363 and £205 345 per QALY, respectively. These findings are mainly explained by the fact that infliximab has higher acquisition and administration costs without substantially superior effectiveness compared with etanercept. Results were sensitive to estimates of rebound assumptions at withdrawal and the time horizon. Conclusions. Only results for etanercept remained within the range of cost-effectiveness estimates considered to represent value for money in the NHS by the National Institute for Health and Clinical Excellence. Further research appears most valuable in relation to the short-term effectiveness, utility parameters and assumptions regarding the effect of rebound.
Introduction
Psoriatic arthritis (PsA) is an inflammatory arthritis closely associated with psoriasis [1, 2] , which can result in significant health-related quality of life (HRQL) impairment as a result of joint deformity and psychosocial disability [2, 3] . It is a chronic and progressive disorder, ranging from mild synovitis to severe progressive erosive arthropathy [4] , with a significant percentage of patients, especially those with polyarticular disease, developing joint damage and deformities [5, 6] . Effective treatment for PsA needs to consider both skin and joint disease, especially if both are affected significantly. Most patients will require therapy with disease-modifying anti-rheumatic drugs (DMARDs) in order to control disease progression, but their use is largely derived from analogy from rheumatoid arthritis (RA) management as well as a limited clinical trial evidence base in PsA itself [3] . Such traditional DMARDs are associated with several problems, including a slow onset of action and the requirement for close patient monitoring due to associated toxicities [7] [8] [9] [10] [11] .
Newer strategies for the treatment of PsA and the most common forms of rheumatic diseases [12] have focused on blockade of key inflammatory cytokines, in particular, tumour necrosis factor (TNF), which has been implicated in the pathogenesis of both psoriasis and PsA [13, 14] . Etanercept (Enbrel Õ ) and infliximab (Remicade Õ ) are TNF antagonists able to alter the immune function and in particular to inhibit inflammatory response [3, 15] . Both have been licenced in Europe for the treatment of active and progressive PsA in adults not responding adequately to conventional therapy. Based on existing Phase III randomized control trials [16] [17] [18] , they claim to combine greater efficacy with less toxicity, but their acquisition costs are substantially higher than conventional DMARD therapy. It remains unclear whether a potential reduction of disease progression in responders could offset other possible significant downstream costs associated with the disabling nature of the condition. Cost-effectiveness evaluations are particularly pertinent in this kind of context, and although the cost-effectiveness of TNF antagonists is well-established in patients with RA [19] [20] [21] [22] , to date there is limited evidence of their cost-effectiveness for the treatment of PsA [23] .
The aim of this study was to first estimate the relative efficacy of etanercept, infliximab and the so-called 'palliative care' for the treatment of active PsA. Then, we evaluate the long-term costeffectiveness of TNF antagonists compared with palliative care using a probabilistic decision analytical model [24, 25] , according to their licenced indications and from a UK National Health Service (NHS) perspective. All the relevant clinical evidence was combined using Bayesian evidence synthesis methods, which allowed for the estimation of the relative efficacy of etanercept and infliximab despite the absence of head-to-head trials. This project was commissioned by the National Coordinating Centre of Health Technology Assessment (NCCHTA) on behalf of the National Institute for Health and Clinical Excellence (NICE) [26] .
Methods

Overview
A probabilistic decision analytical model was constructed in order to compare the cost-effectiveness of etanercept, infliximab and palliative care for the treatment of active PsA, in the context of their licenced indications [27, 28] and the British Society for Rheumatology (BSR) guidelines for the use of anti-TNF-drugs for the treatment of PsA [29] . A systematic review was conducted to identify relevant clinical and cost-effectiveness studies [26] , and Bayesian evidence synthesis methods were used to synthesize the effectiveness evidence [16] [17] [18] .
The measure of benefits used for the economic evaluation were quality-adjusted life years (QALYs). The structure of the decision analytic model and its underlying assumptions were developed in consultation with a group of clinical experts. A health care service perspective was adopted, with costs and benefits discounted at a 6 and 1.5% annual rate [30] , respectively. The price year was 2004/05. Full details of the Bayesian evidence synthesis and the model are available elsewhere [26] .
Model structure
A cohort model in the form of a modified-decision tree was constructed. A simplified version of the model structure is shown in Fig. 1 . The evidence base which is used to populate the model is discussed separately in the following sections.
Short-term trial data is used to model the response of patients to TNF antagonists. Initial response to treatment at 3 months (measured by the Psoriatic Arthritis Response criteria, PsARC) and functional status (measured by the HAQ) are combined as efficacy outcomes, using Bayesian evidence synthesis methods. Beyond this period, the underlying Markov structure [31] allows the extrapolation of results up to 10 yrs and for a lifetime horizon (assumed equivalent to 40 yrs) using annual cycles. Given the lack of long-term efficacy and safety data on the use of TNF antagonists and the limited experience on the administration of these drugs for PsA and RA, and in conjunction with expert advice, a 10-yr horizon was applied in the base-case analysis.
For those who respond, there is an ongoing risk of withdrawal at any time period. Initial or later treatment failures were assumed to move on to palliative care, with TNF antagonists being the 'end of the line' in terms of active interventions and palliative care assumed to be equivalent to placebo. The progressive nature of the condition was modelled using a natural history progression rate, measured in terms of HAQ. At withdrawal, patients experience some deterioration in HAQ (rebound). In the absence of clinical trial data to characterize this effect, the model considers two alternative rebound scenarios, as illustrated in Fig. 2 .
In the rebound to natural history progression, the HAQ after treatment failure returns back to the level and subsequent trajectory it would have been if the patient had not initiated treatment (i.e. TNF antagonists only provide symptomatic relief). In the rebound equal to gain, the patient's disability in terms of HAQ deteriorates by the same amount it improved when first responded to treatment (i.e. TNF antagonists can re-set the curve and delay disease progression). Those patients not responding to TNF antagonists at 3 months or withdrawing from active treatment at any time period in the model also experience deterioration in HAQ in line with the natural progression estimates.
Those patients who respond to TNF antagonists experience an initial gain in HAQ, based on results from the evidence synthesis. In addition to this initial improvement, these patients were also assumed to experience a slower disease progression. In the absence of data, it was assumed that TNF antagonists can halt disease progression in responders. Patients are at risk of all-cause mortality at every time period in the model.
Bayesian evidence synthesis
The existing trials [16] [17] [18] included placebo as controls but no study has directly compared etanercept and infliximab, so an indirect approach was required. A Bayesian evidence synthesis enabled the comparison of the two anti-TNF-therapies with each other based on all available trial evidence using indirect comparison methods [32, 33] , as the network of evidence allowed for a treatment comparison through the placebo option. The evidence synthesis consisted of two linked meta-analyses that estimated the respective response rates of etanercept and infliximab on the one hand, and the mean reductions (i.e. improvement) in HAQ score conditional on response to treatment on the other. The placebo effect was also taken into account, and so the response rate and mean reduction in HAQ score of the placebo option was also estimated in the evidence synthesis. This data was then used to adjust the active treatments' efficacy by accounting for the placebo effect observed in the trials [26] .
The absolute change in HAQ conditional on response from the Mease et al. [17] and IMPACT [18] trials was made available at request by the pharmaceutical companies. Data from one unpublished cohort study of PsA patients based at the Academic Unit of Musculoskeletal Disease, University of Leeds [34] , was used to inform the change in HAQ score experienced by patients not taking any active treatment (i.e. natural progression). Between-trial variability was modelled using a random effect baseline for the probability of PsARC response to placebo and natural progression. Etanercept and infliximab's treatment effects on the probability of PsARC response were modelled using a fixed-effect model, additive to the placebo probability of response on the log-odds scale. The treatment-specific change in HAQ score for responders and non-responders was also modelled as a fixed effect, incremental to the natural progression baseline. The evidence synthesis also estimated the change in HAQ for nonresponders to either treatment, as we were aware that PsARC does not fully capture treatment success. The mean HAQ change for non-responders to etanercept and infliximab were also incorporated in the model at the initial 3-month period. Table 1 lists the four parameters modelled in the Bayesian evidence synthesis. See Woolacott et al. [26] for further details.
Model inputs
The marginal posterior distributions for the clinical effectiveness parameters of interest are summarized in Table 1 . The full posterior distributions, which preserve the information on distributional shape and parameter correlations, were used to populate the cost-effectiveness model.
The probability of long-term failure from 3 to 20 months as reported in Geborek et al. [35] was used to estimate the annual probability of withdrawal for both etanercept and infliximab. Mortality rates were based on standard UK age-and sex-specific life-tables [36] adjusted by the higher mortality risk associated with PsA [19] . There is no evidence of a differential mortality risk between therapies.
Apart from the cost of the TNF antagonists themselves (including drug acquisition, administration and monitoring), the direct costs associated with PsA were estimated as a function of patients' HAQ score based on a published study on RA [37] . These costs were considered to incorporate the costs associated with palliative care. No additional costs were assigned to the palliative care strategy in order to avoid the potential for doublecounting this cost for severe patients [26] . Drug costs were taken from the British National Formulary [38] based on licenced dosages. Other unit costs were obtained from national databases [39, 40] and expert opinion (I. Bruce, personal communication). The relationship between HRQL (in terms of utility) was also estimated as a function of HAQ, based on published results derived from a linear-regression model using individual patient data on HAQ and EQ-5D from a cohort of PsA patients [23] .
Results of the analysis are conditional on three specific features of the patient cohort under treatment: the baseline HAQ, age at treatment initiation and the patient's weight, which determined the number of infliximab dosages required. The former were estimated based on the average HAQ score and age from the three trials included in the analysis [16] [17] [18] , the latter was based on patients' mean weight in the Infliximab Multinational Psoriatic Arthritis Controlled Trial (IMPACT) [18] , which is equivalent to four infliximab vials per infusion. See Table 2 for a summary of the base values of the main input parameters used in the model.
Analytical methods
The uncertainty in the individual parameters was fully characterized using the full posterior distributions of the clinical effectiveness parameters and the probability distributions summarized in Table 2 ; probabilistic analysis was conducted using Monte Carlo simulation. The results of the model are presented in two ways. Firstly, mean lifetime costs and QALYs for the three strategies are reported and their cost-effectiveness compared, estimating incremental cost-effectiveness ratios (ICERs) using standard decision rules [41] . Secondly, decision uncertainty is presented in terms of the probability that each intervention is considered cost-effective for a given cost-effectiveness threshold. The model was implemented in Microsoft Excel and the specialist software WinBUGS [42] .
A series of alternative scenarios is also presented to assess the implications of other uncertainties in the model. Only those that demonstrated a relevant impact on results are reported here [26] . These include running the model for alternative rebound scenarios (a best-case scenario if rebound is equal to gain and a worst-case scenario for rebound equal to natural history progression), and for a lifetime horizon; using a 3.5% annual discount rate for both costs and QALYs and three infliximab vials per infusion. a Average annual withdrawal rate for etanercept and infliximab estimated based on the probability of long-term failure from 3 to 20 months as reported in Geborek et al. [35] .
b Calculated based on a 25 mg dosage for etanercept and 5 mg/kg, 4 vials dosage, for infliximab.
Only results for males are presented here, as differences by gender were demonstrated to be minor [26] . Table 1 shows the marginal posterior distributions for the clinical effectiveness parameters. The mean posterior probability of responding to therapy measured in terms of PsARC criteria was estimated to be 0.725 (S.D. 0.089) for etanercept and 0.839 (S.D. 0.075) for infliximab. In other words, the evidence synthesis suggested that the two treatments were very similar with respect to initial response rates at 3-month therapy, although infliximab had a slightly higher probability of response.
Results
Clinical effectiveness
The evidence synthesis results showed that responders to etanercept and infliximab experienced an improvement measured in terms of HAQ scores, compared with placebo. Table 3 presents results for a 10-yr time horizon for both rebound scenarios. For the best-case rebound scenario, the mean number of QALYs per average patient was 4.51 for etanercept, 4.64 for infliximab and 3.25 for palliative care. The total mean costs per patient were £44 111 for etanercept, compared with £64 274 for infliximab and £10 718 for palliative care. As expected, for the worst-case rebound scenario, both etanercept and infliximab showed higher costs and fewer benefits: the mean number of QALYs per average patient was 4.36 for etanercept, 4.46 for infliximab and 3.26 for palliative care. The total mean costs per patient were £44 169 for etanercept, compared with £64 418 for infliximab and £10 679 for palliative care. Differences in palliative care results are only due to probabilistic variation.
Base case cost-effectiveness results
The resulting ICER for etanercept compared with palliative care was £26 361 per QALY gained for the rebound equal to gain scenario (best-case) which increased to £30 628 if rebound after treatment failure is assumed to be natural history progression (worst-case). Results for etanercept would be in the costeffectiveness range of £20 000-£40 000 per QALY, which has been considered to provide value for money in the NHS [43] .
Infliximab shows a very high ICER compared with etanercept, which varies between £165 363 per QALY gained for the best-case scenario to £205 345 for the worst-case. These results are explained by the fact that infliximab has higher acquisition and administration costs [estimated as a half-day case per infusion in a rheumatology department based on expert opinion (I. Bruce, personal communication) compared with self-injection costs for etanercept] with only a marginal improvement in effectiveness (a QALY gain over etanercept of 0.12 over 10 yrs for the best-case scenario and of 0.09 for the worst-case).
Etanercept and palliative care showed the highest probability of being cost-effective for a range of thresholds. Etanercept has the highest probability of being cost-effective for a threshold of £30 000-£40 000 for the rebound equal to gain scenario (0.69 and 0.93, respectively) and at a £40 000 threshold for the rebound to natural history scenario (0.88). At lower levels of the threshold, palliative care showed the highest probability of being costeffective. Even for a £40 000 threshold, infliximab has little likelihood of being cost-effective: 0.009 and 0.005 for the best-case and worst-case scenario, respectively. Table 4 presents results for a lifetime horizon for both rebound scenarios. As expected, the longer the time horizon the greater the cumulated costs but also the higher the mean total QALYs. This results in a reduction in the ICERs for both technologies, independently of the rebound assumption. The ICER for etanercept for a lifetime horizon was £16 891 per QALY gained for the best-case scenario which increased to £27 805 for the worstcase. Etanercept showed the highest probability of being costeffective for a threshold of £30 000-40 000 for both rebound scenarios. At the lower threshold of £20 000, palliative care showed the highest probability of being cost-effective (0.26 for rebound equal to gain and 0.96 for rebound to natural history). Results for infliximab provided ICERs which were still above the range considered cost-effective according to the conventional thresholds [43] , with an ICER ranging between £84 473 per QALY gained for the best-case scenario to £168 753 for the worst-case. The highest probability of infliximab being cost-effective was 0.16 for a £40 000 threshold for the best-case scenario.
Alternative scenarios
Further scenario analyses were conducted to assess the implications of using different annual discount rates and average number of vials per infusion. Using the alternative discount rate of 3.5% results in higher costs and lower QALYs for all options, and a slightly higher ICER for etanercept and infliximab. Using the alternative assumption of three infliximab vials results in a lower ICER for infliximab whilst etanercept still shows the highest probability of being cost-effective for a threshold of £30 000-40 000. Differences by rebound scenario and for a lifetime horizon showed the same trends and did not affect the ranking of treatments, so only results for the base-case 10-yr horizon are presented.
Value of information
The aforementioned results indicate that there is uncertainty surrounding the choice between etanercept and palliative care. The expected cost of this uncertainty (the probability of error and the health and resource consequences of error) can be interpreted as the expected value of perfect information (EVPI), since perfect information can eliminate the possibility of making the wrong decision [44] [45] [46] . In the context of research prioritization, the EVPI represents the maximum expected value of additional research to inform this decision. The population EVPI for the two rebound scenarios for the base-case 10-yr time horizon is reported in Table 5 , and shows that further research to inform this decision could be worthwhile. The value of information associated with particular uncertain parameters within the model (EVPPI) is also presented in Table 5 . The value of information associated with the short-term effectiveness was between £25.39 million and £28.96 million (for the best and worst rebound scenario, respectively), which is substantially higher than for any other element of evidence. The second highest value of information was that associated with the utilities (between £11.92 million and £10.73 million).
Discussion
The results show that only results for etanercept remained within the conventional cost-effectiveness range of treatments to be recommended by NICE. These findings are mainly explained by the fact that infliximab showed higher acquisition and administration costs without practically superior effectiveness. The cost of the therapy itself is the main factor contributing to the cost difference between both strategies: for a 10-yr follow-up, the cumulative therapeutic costs as a proportion of cumulative total costs was 79.11% for etanercept compared with 84.04% for infliximab. These proportions were practically identical under both rebound scenarios.
Based on research undertaken during a similar period to our own, Bansback et al. [23] have also demonstrated the costeffectiveness of etanercept after the failure of two conventional DMARDs, using patient data from one of the same Phase III etanercept trials incorporated in our Bayesian evidence synthesis [17] . Despite differences in the modelling approach and the use of sequences, the result in that study for the base-case analysis at 10-yr horizon for the comparison of etanercept against the least effective of the two strategies (ICER of £28 000 per QALY gained for the combination therapy of methotrexate plus cyclosporine, followed by palliative care after failure) can be compared with those presented here: an ICER of £26 361 for the best-case and £30 628 for the worst-case rebound scenario, respectively.
There are a number of issues that should be kept in mind when interpreting these results. First, the model considers the costeffectiveness of etanercept and infliximab compared with each other and with palliative care. This is equivalent to assuming that TNF antagonists would be used 'end of line' once DMARD therapies have been tried and failed. A strict interpretation of the licences of etanercept and infliximab would suggest that all DMARDs should have been tried prior to their use. In practice, there are only four DMARDs routinely used in PsA (sulphasalazine, methotrexate, cyclosporine and leflunomide), of which only one (leflunomide) is actually licenced for PsA treatment. Even if a strict interpretation of the licences is not applied, it remains unclear how many DMARDs really should be tried; however, the recent BSR guidelines for the use of anti-TNF agents in PsA advise that at least two DMARDs should be used prior to considering anti-TNF therapy [29] . Second, the model was not able to incorporate the potential HRQL impact of TNF antagonists on psoriasis. The extent of psoriasis involvement could not only have an impact on patient's quality of life but also be an important cost driver in the most severely affected patients. However, to date, no validated measure exists that can incorporate both the impact of the arthritic and skin component of the disease on the quality of life of PsA Note: estimated for males at a 10-yr time horizon (base case), 500/1000 draws. The discounted effective UK population of PsA was estimated to be 93 620 based on an effective lifetime of the new technology of 10 yrs. In the absence of a better alternative, based on clinical expert opinion the annual incidence of PsA was estimated as 1/3 of that for RA [47] .
a This parameter includes all the parameters modelled in the Bayesian evidence synthesis (probability of response, mean HAQ change for responders, mean HAQ change for non responders and HAQ natural progression).
patients. The use of HAQ as the measure of disability that drives both quality of life and direct costs is consistent with the main economic evaluations published on the use of TNF antagonists in rheumatic diseases [19] [20] [21] [22] .
The last issue relates to the lack of long-term data on the use of TNF antagonists. Potential severe adverse events have not been incorporated in the model so results should be interpreted with caution. For the base-case scenario, short-term effectiveness results were extrapolated up to 10 yrs as a reasonable assumption based on expert clinical advice (I. Bruce, personal communication), but the reality is that there is limited experience on the administration of TNF antagonists both for PsA and other rheumatic conditions, so the number of years a patient can be safely on these drugs is uncertain. In our model, patients still responding at the end of the 10-yr time horizon were 22.7% for those on etanercept and 26.2% for those on infliximab, approximately.
In general, the population EVPI in this area is substantial and suggests that further research may be potentially worthwhile. The EVPI associated with the model parameters suggests that, if further research is commissioned, it will require experimental design and should focus on the short-term effectiveness parameters. However, additional research on quality of life in PsA would also be valuable. This would not necessarily require experimental design and could be conducted relatively quickly and cheaply.
Cost-effectiveness results were sensitive to the rebound assumption and time horizon. Alternative structural assumptions, such as rebound effect and HAQ progression whilst responding to treatment, have also demonstrated an important impact on the value of information [48] . The estimates of population EVPPI reported before have not formally integrated uncertainty about the nature of the rebound effect. An indicative sensitivity analysis is possible by assuming equipoise between the rebound equal to gain and rebound back to natural history (i.e. a 50:50 chance). This results in an ICER of £29 348 per QALY gained for etanercept for a 10-yr horizon, that is, halfway to those reported for the alternative rebound scenarios, with infliximab still showing the lowest probability of being cost-effective for a range of thresholds. The relative importance of the value of information results for the different parameters remains approximately the same. However, the short-term effectiveness parameters showed a value of information higher than previously reported, whilst for utilities it was lower (£44.27 million compared with £25.39 million; and £913 556 compared with £11.92 million for a 10-yr horizon, respectively). The population EVPPI for the rebound parameter itself shows a value of £6.89 million. These results, which were based on a 50:50 chance for each rebound scenario, should be interpreted with caution and more formal methods of elicitation could in principle be used to parameterize these uncertainties. However, these results indicate that a potentially high value of information could be associated with the nature of the rebound effect and further research about this uncertainty may well be worthwhile.
To date, this is the first probabilistic decision analytic model examining the cost-effectiveness of both etanercept and infliximab for the treatment of active PsA, according to their licensed indications and from a UK NHS perspective. Within the data and modelling limitations recognized, this study demonstrates the potential cost-effectiveness of etanercept for the treatment of PsA in adults after the failure of DMARD therapies, compared with infliximab and palliative care and for a 10-yr and lifetime horizon. The results of this model, alongside other relevant evidence, was used by NICE in developing their guidance on the use of etanercept and infliximab for PsA in the NHS [49] . The subsequent recommendations clearly reflect the cost-effectiveness of the different treatments: while etanercept received a positive recommendation for the treatment of PsA, infliximab was only recommended for patients intolerant (or contraindicated) to etanercept or who have difficulty with self-administered injections.
